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(54) TOPOGRAPHIC MEASURING APPARATUS 

{57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
topographic measuring apparatus which can 
collect measurement data at a better accuracy 
even when a mobile oscillates. 
SOLUTION: A mobile such as a vehicle 
running on the ground and a ship is provided 
with a topographic measuring apparatus 20. A 
laser measuring apparatus 22 performs a 
three-dimensional scanning of an object to be 
measured by a laser beam with a 2-axis 
rotation mechanism. An oscillation correction 
processing part 23 corrects measurement 
errors due to the oscillation of the mobile. An OPS position measuring device 25 . 
measures the position of the mobile. Measurement data of topography or the like 
are corrected continuously with the laser measuring apparatus 22 moving the 
mobile. 




CLAIMS 



[Claim(s)] 

[Claim 1] The geographical feature metering device characterized by collecting 
measurement data continuously, carrying GPS positioning equipment, the laser 
measuring instrument which has a biaxial rolling mechanism and scans three 
dimensions to a measurement object by the laser beam, and the compensator of 
the measurement error resulting from agitation of a mobile in a mobile, and moving 
a mobile. 

[Claim 2] Said mobile is a geographical feature metering device according to claim 
1 characterized by being the car which runs the ground. 

[Claim 3] Said mobile is a geographical feature metering device according to claim 
1 characterized by being a vessel. 

[Claim 4] GPS positioning equipment and the laser measuring instrument which 
has a biaxial rolling mechanism and scans three dimensions to a measurement 
object by the laser beam. While measuring the geographical feature in the sea with 
a narrow MARUCHIBI-MU sounding device, forming the compensator of the 
measurement error resulting from agitation of a vessel, and a narrow 
MARUCHIBI-MU sounding device in a vessel, and moving a vessel The 
geographical feature metering device characterized by measuring terrestrial 
geographical feature with a laser measuring instrument, and measuring to 
coincidence the geographical feature with which it continued to [ out of the sea ] the 
ground. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the geographical feature metering 
device considered as the configuration which can measure from a vessel the 
geographical feature with which it continued to [ out of the sea ] the ground while 
collecting measurement data with a sufficient precision, even when a mobile is 



shaken. 
[0002] 

[Description of tlie Prior Art] The technique which measures the distance to an 
object object to a precision is known using the laser beam. For example, since time 
amount after transmitting a pulse laser by generating a clock pulse at the time of 
day which transmitted the pulse laser, and counting the clock pulse by time of day 
which received the pulse laser which it collided and has been reflected in an object 
object from this time of day until it receives a pulse laser is known, the distance 
from the formula of distance = rate x time amount to an object object can be 
measured. Here, a rate is a value equivalent to the velocity of light, and is known. 
[0003] Geographical feature can be surveyed if the distance measurement 
technique by such laser beam is used. Drawing 9 is the perspective view of an 
outline showing an example of geographical feature. In drawing 9 , the sloping 
slope where G was developed by the flat side and S was developed with landfill, 
and T are the front faces of landfill. The geographical feature of Slope S shall be 
surveyed with the laser measuring instrument R. 

[0004] The polygon mirror rotated in the direction of a vertical in order to make a 
laser beam irradiate in the direction of a vertical, and the motor which rotates 
horizontally [ in order to make a laser beam irradiate horizontally ] are installed in 
the laser measuring instrument R. For this reason, as shown in the side elevation of 
drawing 11 , the laser measuring instrument R performs Rhine scanning in the 
direction of a cross section of an every place point (perpendicular direction) in the 
example of a point X1 in the range of include-angle thetab from X1 to the 
intersection Xn with the flat side G, while carrying out frame scanning horizontally in 
the range of include-angle thetaa from Point Xa to Point Xb. as shown in the top 
view of drawing 10 . Namely, the laser measuring instrument L has a biaxial rolling 
mechanism, and is considering it as the configuration which scans three 
dimensions to geographical feature. 

[0005] Drawing 12 is the explanatory view of the principle which measures the 
geographical feature of the slope S as shown in drawing 9 with the laser measuring 
instrument R which scans three dimensions by the above laser beams. The laser 
measuring instrument R shall be installed in the location of height hb from the flat 
side G. Moreover, H is taken as the horizontal plane of the location in which the 



laser measuring instrument R was installed. 

[0006] The distance A to the point X1 which is the point of the arbitration of Slope S, 
for example, an apex, can be measured based on time amount after outputting a 
laser beam as mentioned above until a reflective beam is inputted. Moreover, since 
include-angle thetac becomes settled at the time of discharge of a laser beam, the 
height ha from the horizontal plane H of the location in which the laser measuring 
instrument R was installed to a point X1 can be found from the formula of 
ha=A-sinthetac **. Therefore, the height he from the flat side G to a point X1 is 
obtained by the formula of hc=ha+hb**. 

[0007] the same cross section of the following and Slope S attaching - points X2 
and X3 and ... Rhine scanning is performed to Xn and a perpendicular direction, 
and the height of an every place point is found. The geographical feature of Slope S 
is measurable by performing horizontal frame scanning from the point of the plane 
view Xa as shown in drawing 10 as mentioned above to the point of Xb, and 
plotting the obtained result, performing such Rhine scanning. 
[0008] It is possible to load into a mobile, for example, a car, and a vessel the laser 
measuring instrument which scans three dimensions by said laser beam, and to 
perform measurement of a building configuration, and measurement of 
geographical feature. In such a case, since three dimensions are scanned from a 
mobile even if measured bodies, such as a building, are covered by the tree etc., 
there is an advantage which can collect required data. 

[0009] Moreover, the land developed for housing lots from which it reclaimed land 
on the land developed for housing lots from which it reclaimed land by the land 
continuation to the seashore, the lakefront, etc., a sea surface, or the surface of a 
lake is increasing in recent years. Landfill has continued and deposited such land 
developed for housing lots from the seabed on a sea surface (hereafter, about a 
lake, it replaces like the bottom of a lake and the surface of a lake, and applies). On 
execution management, measurement data are needed in in what kind of 
configuration landfill has accumulated on the sea surface from the seabed. 
[0010] 

[Problem(s) to be Solved by the Invention] Since mobiles, such as a car, were 
shaken during transit, the error occurred to the measurement data based on a laser 
measuring instrument, and they had the problem that exact measurement could not 



be performed. Especially, since characteristic agitation arose like the shake of a 
longitudinal direction (rolling) to the shake of ship's head (pitching), and the bow, 
there was a problem that a measurement error became large in a vessel. 
[001 1] the land developed for housing lots which landfill deposits on a sea surface 
from the seabed - a survey of the slope under a sea surface - Mull Cheevy-MU - 
sounding - it is performed by sonar. However, the slope where the land part 
inclined was exposed and formed in the sea surface, and when surveying the 
sloping slope concerned, since the scaffold was bad accompanied by risk, direct 
leveling which used level was not able to be carried out. For this reason, although 
the aircraft was used for the survey of the slope where the land developed for 
housing lots exposed to said water surface inclined, there was a problem that cost 
was high and preparation and data processing took time amount. 
[0012] This invention aims at offer of a geographical feature metering device made 
to the configuration which can measure from a vessel the geographical feature with 
which it continued to [ out of the sea ] the ground while it collects measurement 
data with a sufficient precision in view of such a problem, even when a mobile is 
shaken. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in 
invention concerning claim 1, the laser measuring instrument which has GPS 
positioning equipment and a biaxial rolling mechanism for a geographical feature 
metering device, and scans three dimensions to a measurement object by the laser 
beam, and the compensator of the measurement error resulting from agitation of a 
mobile are carried in a mobile, and it is considering as the configuration which 
collects measurement data continuously, moving a mobile. 
[0014] Moreover, invention concerning claim 2 is characterized by said mobile 
being a car which runs the ground in the geographical feature metering device 
according to claim 1. 

[0015] Moreover, in invention concerning claim 3, said mobile is characterized by 
being a vessel in the geographical feature metering device according to claim 1. 
[0016] Moreover, the laser measuring instrument which has GPS positioning 
equipment and a biaxial rolling mechanism in invention concerning claim 4, and 
scans three dimensions to a measurement object by the laser beam, While 



measuring the geographical feature in the sea with a narrow l\/IARUCHIB|-l\/IU 
sounding device, forming the compensator of the measurement error resulting from 
agitation of a vessel, and a narrow MARUCHIBl-MU sounding device in a vessel, 
and moving a vessel It is characterized by measuring terrestrial geographical 
feature with a laser measuring instrument, and measuring to coincidence the 
geographical feature with which it continued to [ out of the sea ] the ground. 
[0017] Invention concerning above-mentioned claim 1 carries the compensator of 
the measurement error resulting from agitation of a mobile in the mobile. For this 
reason, in case measurement data are continuously collected with the GPS 
positioning equipment carried in the mobile, and the laser measuring instrument 
which has a biaxial rolling mechanism and scans three dimensions to a 
measurement object by the laser beam, moving a mobile, accurate measurement 
data can be obtained. 

[0018] Moreover, in invention concerning above-mentioned claim 2, accurate 

measurement data can be obtained from the car which runs the ground. 

[0019] Moreover, in invention concerning above-mentioned claim 3, accurate 

measurement data can be obtained from the vessel which navigates. 

[0020] Moreover, in invention concerning above-mentioned claim 4, since the 

narrow MARUCHIBI-MU sounding device and the laser measuring instrument are 

carried in the vessel, the geographical feature with which it continued to [ out of the 

sea ] the ground is measurable from a vessel. Furthermore, since the compensator 

of the measurement error resulting from agitation of a vessel is formed, even when 

a vessel is shaken, measurement data can be collected with a sufficient precision. 

[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained. When this invention loads into a mobile the laser measuring instrument 
which scans three dimensions by the above laser beams, it has established the 
amendment means of the measurement error about the laser measurement value 
accompanying agitation of a mobile. About the amendment means of the 
measurement error accompanying agitation of such a mobile, the example loaded 
into the vessel explains a laser measuring instrument. 

[0022] Drawing 4 and drawing 5 are the side elevations of the outline of the 
example which measures the slope of a land part with the laser measuring 



instrument loaded into the vessel. In drawing 4 , 1 is the vessel which surveys the 
geographical feature of the slope where the land developed for housing lots 
exposed from the sea surface inclined, and shows the condition of having carried 
out minute include-angle agitation. The laser measuring instrument which scans 
the three dimensions by which 2 was attached in the pole of a vessel 1 etc., and 3 
adopt the altitude of the mean sea level of Tokyo Bay on a criteria sea surface. 4 is 
a slope of the sloping ground surveyed with the laser measuring instrument 2. 
[0023] The horizontal plane of the laser measuring instrument 2 when the vessel 
was shaken, after the horizontal plane at the time of the vessel quiescence in the 
installation location of the laser measuring instrument 2 and 6 move 5 from a static 
position, the perpendicular to which said horizontal plane 6 and 7 cross at right 
angles, the laser beam to which 8 connects from the laser measuring instrument 2 
to an A point, the laser beam to which 9 connects from the laser measuring 
instrument 2 to the point Xg of the arbitration of a slope 4, and 10 are 
perpendiculars which intersect perpendicularly with a sea surface 3. 
[0024] Since it will be absorbed if a laser beam contacts a sea surface, the 
reinforcement of a reflective beam becomes very feeble. Therefore, it can ask for 
the point of contact (criteria location) A of a sea surface 3 and a slope 4 by 
analyzing the reinforcement of the reflective beam when performing Rhine 
scanning of a laser beam. 

[0025] Here, the height at the time of quiescence of the laser measuring instrument 
2 is set to hO for the distance by the laser measuring instrument 2 and the A point 
from SL1 and a sea surface 3. Said SL1 and hO are calculated as measured value. 
Moreover, the include angle of the horizontal plane 5 at the time of theta 2 and said 
vessel quiescence and the horizontal plane 6 after agitation to make is set to theta 
0 for the include angle with the horizontal plane 6 of the laser measuring instrument 
2 theta 1 , said laser beam 8, when the vessel was shaken, after moving the include 
angle of the laser beam 8 which connects from the laser measuring instrument 2 to 
an A point, and the horizontal plane 5 at the time of the vessel quiescence in the 
installation location of the laser measuring instrument 2 to make from a static 
position to make. Furthermore, distance from the intersection of the perpendicular 
10 and sea surface 3 over a sea surface 3 to an A point is set to LI . 
[0026] Said horizontal planes 5 and 6 are extended, it is referred to as 5a and 6a, a 




perpendicular 7 is extended, and it is referred to as 7a. The include angle which 
horizontal plane 5a-laser measuring instrument 2-horizontal plane 6a makes at this 
time is set to theta 0. Moreover, since the include angle at which horizontal plane 
6a-laser measuring instrument 2-perpendicular 7a makes the include angle which 
the horizontal plane 5-laser measuring instrument 2-perpendicu!ar 10 makes 90 
degrees is 90 degrees, the include angle which include-angle thetaa which the 
horizontal plane 6a-laser measuring instrument 2-perpendicular 10 makes 
becomes common, and perpendicular 10-laser measuring instrument 
2-perpendicular 7a makes is set to theta 0. 

[0027] If a vessel 1 is shaken, since the height from the sea surface 3 to the laser 
measuring instrument 2 will be set to hi, the relation between hi and hO is set to 
h1=hO and costhetaO. Moreover, since said numeric value of SL1 and hO is known, 
it becomes sintheta1= (h1/SL1), and an include angle theta 1 is called for by the 
degree type from this. 
[0028] 
[Equation 1] 

fii=s i iT^ (h l/SL l) 

[0029] Here, since it is h1=hO and costhetaO as mentioned above, a front type is 
transformed and a degree type is obtained. 
[0030] 
[Equation 2] 

ei= s i li-'M (h O-c o s 0o) /S L 1 } 

[0031] Next, since it is theta0=tlieta2-theta1 , tiieta 0 is calculated by the degree 

type. 

[0032] 

[Equation 3] 

9 0= e 2- s i nM (h 0 • c o s flo) /S L 1 ) 



[0033] As mentioned above, although the height from the sea surface 3 to the laser 
measuring instrument 2 will change to h1 from hO if a vessel 1 is shaken, the height 
of hO is several m or more (for example, 5 meters or more), and change of the 
height from the sea surface 3 by agitation of the vessel at the time of measuring by 
the usual meteorological condition to the laser measuring instrument 2 can also be 
ignored in practice as what is not a significant change, when calculating. Therefore, 
a degree type will be materialized if it considers that the value of 
costhetaO=h1-/hO**is 1. 
[0034] 

[Equation 4] 

0 0=62-3 i ni <h0/S LI) 

[0035] Thus, the obtained include angle theta 0 is an include angle of the horizontal 
plane 5 at the time of the vessel quiescence in the installation location of the laser 
measuring instrument 2, and the horizontal plane 6 of the laser measuring 
instrument 2 when the vessel was shaken, after moving from a static position to 
make. Therefore, it means that the include angle (factor of a measurement error) of 
location **** by agitation of the vessel from datum level (horizontal plane 5) was 
obtained. For this reason, if data are corrected at said include angle theta 0, it will 
become measurable [ a terrestrial slope ] also on the shaken vessel. 
[0036] The side elevation of drawing 5 explains this point. In drawing 5 the distance 
from the laser measuring instrument 2 to the point Xg of the arbitration of a slope 4 
SLi and a laser beam 9, The include angle with the horizontal plane 6 of the laser 
measuring instrument 2 when the vessel was shaken, after moving from a static 
position to make theta2i. The height of the sea surface 3 at the time of Hi and 
measurement is set [ the height to the point Xg of the horizontal plane 5 and said 
slope 4 at the time of the vessel quiescence in the installation location of the laser 
measuring instrument 2 ] to HO for the height (altitude) from dh and a sea surface 3 
to Point Xg. In addition, include-angle theta2i is defined at the time of discharge of a 
laser beam, and height HO is a value known by the tide level at the time of a survey. 
[0037] Here, since it is dh=SLi-sin (theta0-theta2i), the altitude of said point Xg can 
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be made into Hi=HO+h1+dh=HO+(hO and costhetaO)+SLi-sin (theta0-theta2i), and it 
can ask for it. 

[0038] Thus, by calculating the altitude of an every place point for every cross 
section of a slope, searching for a cross-section configuration, and connecting, 
uniting and compounding these cross-section configurations, the three-dimensions 
data of the sloping slope can be formed and a slope can be measured. In this 
invention, since the measurement error resulting from agitation of a vessel is 
corrected by the operation, a slope is correctly [ quickly and ] measurable. 
[0039] Moreover, GPS (abbreviation of ****** gaging system by Global Positioning 
System satellite) positioning equipment is installed in a vessel 3, and a ship 
position is measured. Furthermore, an azimuth compass is prepared in a vessel 3 
and ship's head by meandering of a vessel is amended. Continuous geographical 
feature measurement can be performed by measuring a slope with a laser 
measuring instrument, moving a vessel 3, since such a device is installed in a 
vessel 3. 

I^O^O] Di^awing 1 is the block diagram showing the outline of the geographical 
feature metering device of this invention. In drawing 1 , the geographical feature 
metering device 20 has the data processor 21, performs various data processing 
which is mentioned later, and stores it in data inclusion file 21a. The laser 
measuring instrument 22 measures geographical feature, scanning three 
dimensions by the laser beam as mentioned above. This measurement data 
amends the measurement error accompanying agitation of a mobile in the agitation 
amendment processing section 23, and inputs the obtained data into a data 
processor 21. 

[0041] If the agitation amendment processing section 23 is the example of the 
location in which the laser measuring instrument 22 was installed based on 
distance to an every place point , data of a scanning angle , etc. obtained with the 
laser measuring instrument 22 , drawing 4 , and drawing 5 , it will calculate the 
include angle theta 0 of the horizontal plane at the time of vessel quiescence , and 
the actual horizontal plane of the location in which the laser measuring instrument 
22 was installed make , i.e. , the include angle of location **** from the datum level 
by agitation of a vessel , ( the factor of a measurement error ) . 
[0042] Moreover, a data processor 21 calculates the altitude of the every place 



point in a cross-section configuration with a slope based on tlie operation of said 
include angle theta 0. Furthermore, such an operation is repeated, it asks for the 
altitude of the every place point about the cross-section configuration where the 
slope continued, and a sequential-operation result is stored in data inclusion file 
21a. An azimuth compass for 24 to amend the travelling direction by meandering of 
a mobile and 25 are GPS positioning equipment which measures the location of a 
mobile. 

[0043] An input device 26 performs a predetermined input to a data processor 21 
with a key or a mouse. Moreover, an indicating equipment 27 reads the result of an 
operation of a data processor 21 from data inclusion file 21a, and expresses it as 
real time. It can display, the display of the altitude of the every place point in the 
cross section which has a slope in this display, and the configuration of a cross 
section where the slope continued, i.e., the configuration of the three dimensions of 
a slope. 

[0044] It consists of mass stores, such as a hard disk, it connects with a data 
processor 21, and external storage 28 saves data. In addition, the internal organs 
of the storage of predetermined capacity are carried out also to the data processor 
21. An external computer 29 performs an operation predetermined at a high speed 
based on the various data obtained with the data processor 21 . External storage 28 
and an external computer 29 are connected to a data processor 21 by the proper 
interface. 

[0045] Drawing 2 is the explanatory view showing the example which carried the 
geographical feature metering device of this invention in the car. In this example, a 
laser measuring instrument is carried in the automobile 30 which runs a road 31 top, 
three dimensions are scanned by the laser beam 34, and the configuration of the 
building 32 currently built by facing a road 31 is measured. 
[0046] A building 32 consists of low-level section 32a and butt 32b, and the tree 33 
is planted near the transverse plane. A laser beam 34 is A1 perpendicularly... An 
point is scanned and it is B1 horizontally... Bn point is scanned and the scanning 
angle of each point and the data of distance are collected. An automobile 30 
performs measurement by the laser measuring instrument from end 32x to other 
end 32y of a building 32, running a road 31 top. 

[0047] Since such three dimensions are scanned with a laser measuring instrument 



to a building 32, even when a tree 33, other cars under transit, etc. are in the front 
face of a building 32, the situation measurement becomes impossible can be 
prevented by covering a laser beam to a building 32. 

[0048] Moreover, since GPS positioning equipment is carried in the automobile 30, 
the location of the automobile 30 which moves is measured and the data of each 
coordinate of X, Y, and Z are collected continuously. Furthermore, since the motion 
sensor shown In the agitation amendment processing section explained by drawing 
1 drawing 8 mentioned later is formed, the measurement error resulting from 
the agitation under transit of an automobile 30 can be amended. 
[0049] In addition, although drawing 2 is measuring the building 32 while the 
automobile 30 carrying a laser measuring Instrument runs a road 31, it can be cut 
and can also measure the geographical feature of a through side etc. Moreover, 
what runs an orbit top can apply the geographical feature metering device of this 
invention as a car which carries a laser measuring instrument and moves in the 
ground. 

[0050] Drawing 3 is the block diagram showing an example of a laser measuring 
instrument. Next, this block diagram is explained. In the laser measuring Instrument 
40, the laser generating section 41 and the transmitting section 42 are formed, and 
the direction of a vertical and a horizontal scanning angle are defined, and a laser 
beam is turned to a target point and it discharges to it. 

[0051] The laser beam reflected from the target point passes along a receive 
section 43, and is inputted into the distance test section 45 from a receive section 
43. Moreover, the scanning angle of a laser beam is inputted into the storage 
section 44 from the transmitting section 42. An output signal D is formed of the 
result calculated by the scanning angle inputted into the storage section 44, and the 
distance test section 45. 

[0052] Next, the gestalt of other operations concerning this invention is explained. 
Drawing 6 is the whole block diagram showing the outline of an instmmentation 
system in which the geographical feature metering device by this invention is 
applied, the GPS mobile station with which a satellite, and 12X and 12Y were 
installed in the electric wave for a vessel and IX, and 1 was installed [ 1 1 ] in the 
vessel 3 for the ground criteria office of GPS, and 12 in drawing 6 , and 1 Y - Mull 
Cheevy-MU sounding - in sonar and 1Z, a device under test and 3 are criteria 



sea surfaces, and a beam and 13 have adopted the altitude of the mean sea level 
of Tokyo Bay. 

[0053] Mull Cheevy-MU - sounding - a footprint transmits 60 beams at once 90 
degrees, and beam 1Z of sonar 1Y is considering 1.5 degree x1.5 degree and 
swath width of face (width of face of right and left measurable at once) as the 
configuration sounded by the two to 6 time width of face of depth of water, namely, 
Mull Cheevy-MU -- sounding ~ sonar 1Y Is an^anged at intervals of every 1.5 
degrees In the transducer at 60 sectors. 

[0054] The laser measuring instrument which scans three dimensions by laser 
beam which was explained by drawing 4 and drawing 5 is also carried in the vessel 
1. this example - setting - a vessel 1 a laser measuring instrument and Mull 
Cheevy-MU - sounding - sonar is formed and the geographical feature with which 
it continued from the seabed to the ground is measured with a sufficient precision. 
[0055] Drawing 7 is the side elevation showing the example which performs 
geographical feature measurement by vessel 1 using the instrumentation system of 
drawing 6 . drawing 7 ~ setting ~ 1 - a vessel and 1y ~ Mull Cheevy-MU - 
sounding - as for a criteria sea surface and 3x, the laser measuring instrument with 
which sonar and 1z perform a beam and 2 scans three dimensions, and 3 are [ the 
seabed and 4 ] slopes, and slope 4x for sea CHUBU ENGINEERING 
CORPORATION and slope 4y for a terrestrial part are formed continuously. 9 is a 
laser beam. Moreover, A is the data-processing section of a narrow 
MARUCHIBI-MU sounding device, and B is the data-processing section of a laser 
measuring instrument. Each data-processing sections A and B use a personal 
computer (personal computer). 

[0056] the example of drawing 7 - slope 4x for sea CHUBU ENGINEERING 
CORPORATION - Mull Cheevy-MU ~ sounding - it measures by sonar 1y and 
slope 4y for a terrestrial part is measured with the laser measuring instrument 2. 
Moreover, since GPS positioning equipment is carried in the vessel 1, a ship 
position when a vessel 1 moves is measured, and the coordinate data of X, Y, and 
Z three dimensions is obtained continuously. 

[0057] Drawing 8 is the block diagram of the outline of the geographical feature 
metering device 51 applied to the example of drawing 7 . In drawing 8 , a data 
processor 53 performs a predetermined operation based on various input data, and 



records the obtained data on data inclusion file 53a. 52 - a narrow 
MARUCHIBI-MU sounding device it is - whenever [ sonic ] sensor 52a, 
azimuth-compass 52b, inclination sensor 52c, and motion sensor 52d and Mull 
Cheevy-MU - sounding - sonar 52e is prepared. 

[0058] Sensor 52a measures [ whenever / sonic ] an underwater acoustic wave 
velocity-of-propagation value required for amendment and refraction amendment 
whenever [ sonic ]. Azimuth-compass 52b measures the azimuth of a bow. 
inclination sensor 52c - Mull Cheevy-MU - sounding - the inclination of the pipe 
which attached sonar 52e is detected on real time. 

[0059] Motion sensor 52d, the value [ longitudinal direction ] of a shake (rolling) is 
acquired on real time to the fluctuation (heaving) received in the direction of a 
vertical of a vessel, the shake of ship's head (pitching), and a bow. Each data of 
these heaving, pitching, and rolling is used for amendment of a depth-sounding 
value. Mull Cheevy-MU ~ sounding ~ sonar 52e measures the slope in the sea, 
[0060] the data-processing section A - whenever [ sonic ] - sensor 52a, 
azimuth-compass 52b. inclination sensor 52c. and motion sensor 52d and Mull 
Cheevy-MU ~ sounding - based on each data from sonar 52e and GPS positioning 
equipment 57, whenever [ tide level and acoustic-velocity ], a tilt angle is amended 
and the three-dimensions file of X, Y, and Z is created. The data obtained in the 
data-processing section A are inputted into a data processor 53. 
[0061] The laser measuring instrument 54 which scans three dimensions by the 
laser beam measures the slope for a terrestrial part. The agitation amendment 
processing section 55 amends the error of the measurement data resulting from 
agitation of a vessel which was explained by drawing 4 and drawing 5 . The data 
from the output and the GPS positioning equipment 57 of the agitation amendment 
processing section 55 are inputted into the data-processing section B. and the 
continuation data of the slope for a terrestrial part are formed in it from the location 
data of the vessel accompanying migration of a vessel, and the measurement data 
of a slope. 

[0062] Thus, the location data of the vessel accompanying migration of the vessel 
from GPS positioning equipment 57 are inputted into the data-processing section A 
which creates the data which measured the slope for sea CHUBU ENGINEERING 
CORPORATION, and the data-processing section B which creates the data which 



measured the slope for a terrestrial part at coincidence, for this reason, l\1ull 
Cheevy-MU formed in coincidence at a certain time - sounding - the 
measurement data of sonar 52e and the measurement data of the laser measuring 
instrument 54 will take a synchronization, and will be processed. 
[0063] That is, the data of the slope for sea CHUBU ENGINEERING 
CORPORATION measured while moving a vessel, and the data of the slope for a 
terrestrial part can be processed as data which continued from a part for a 
terrestrial part to a part for sea CHUBU ENGINEERING CORPORATION. 
Therefore, in a data processor 53, the data obtained in the data-processing section 
A and the data-processing section B can be compounded, the measurement data 
of the slope currently continuously formed to [ out of the sea ] the ground can be 
continued and formed in predetermined die length, and a topographical map cam be 
created. 

[0064] Moreover, while preparing motion sensor 52d in the narrow 
MARUCHIBI-MU sounding device 52, the measurement data of the laser 
measuring instrument 54 are amended in the agitation amendment processing 
section 55. for this reason, the measurement error resulting from agitation of a 
vessel ~ Mull Cheevy-MU - sounding - both the measurement data of the laser 
measuring instrument 54 will also be amended also for the measurement data of 
sonar 52e, and accurate measurement data are obtained. 
[0065] An input device 58 consists of a keyboard and a mouse, and performs 
required alter operation. An indicating equipment 59 reads various data and the 
result of an operation from data inclusion file 53a, and expresses them to a monitor 
as real time. It can display, the display of the altitude of the every place point in the 
cross section which has a slope in this display, and the configuration of a cross 
section where the slope continued, i.e., the configuration of the three dimensions of 
a slope. Moreover, a printer can be connected to a data processor 53 and required 
data can also be printed on the recording paper. 

[0066] It consists of mass stores, such as a hard disk, it connects with a data 
processor 53, and external storage 60 saves data. In addition, the internal organs 
of the storage of predetermined capacity are carried out also to the data processor 
53. An external computer 61 performs an operation predetermined at a high speed 
based on the various data obtained with the data processor 53. 



[0067] The geographical feature metering device of drawing 8 is measuring the 
slope of the landfill currently continuously formed to [ out of the sea as shown in 
drawing 7 ] the ground. This invention is applicable to coincidence measurement of 
the geographical feature currently continuously formed to [ out of the sea ] the 
ground like the rock face not only with a flat slope like drawing 7 but irregularity. 
[0068] 

[Effect of the Invention] Invention which relates to claim 1 as explained above 
carries the compensator of the measurement error resulting from agitation of a 
mobile in the mobile. For this reason, in case measurement data are continuously 
collected with the GPS positioning equipment carried in the mobile, and the laser 
measuring instrument which has a biaxial rolling mechanism and scans three 
dimensions to a measurement object by the laser beam, moving a mobile, accurate 
measurement data can be obtained. 

[0069] Moreover, in invention concerning above-mentioned claim 2, accurate 

measurement data can be obtained from the car which runs the ground. 

[0070] Moreover, in invention concerning above-mentioned claim 3, accurate 

measurement data can be obtained from the vessel which navigates. 

[0071] Moreover, in invention concerning above-mentioned claim 4, since the 

narrow MARUCHIBI-MU sounding device and the laser measuring instrument are 

carried in the vessel, the geographical feature with which it continued to [ out of the 

sea ] the ground is measurable from a vessel. Moreover, since the compensator of 

the measurement error resulting from agitation of a vessel is formed, even when a 

vessel is shaken, measurement data can be collected with a sufficient precision. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the geographical feature metering device 
which is the gestalt of operation of this invention. 

[Drawing 2] It is the explanatory view of the example which measures the 

configuration of a building from an automobile. 

[Drawing 3] It is the block diagram of a laser measuring instrument. 

[Drawing 4] It is the side elevation of the example which measures a terrestrial 



slope from a vessel. 

[Drawing 5] It is the side elevation of the example which measures a terrestrial 
slope from a vessel. 

[Drawing 6] It is the whole instrumentation system block diagram. 

[Drawing 7] It is the side elevation of the example which measures the inside of the 

sea, and a terrestrial slope from a vessel. 

[Drawing 8] It is the block diagram of the geographical feature metering device 
used for the example of drawing 7 . 

[Drawing 9] It is the perspective view showing a survey of the slope in the ground. 
[Drawing 10] It is the top view of drawing 9 . 
[Drawing 11] It is the side elevation of drawing 9 . 

[Drawing 12] It is the sectional view showing a survey of the slope in the ground. 
[Description of Notations] 

20 51 Geographical feature measuring device 

21 Data Processor 

22 54 Laser measuring instrument 

23 55 Agitation amendment processing section 
25 57 GPS positioning equipment 

52 Narrow MARUCHIBI-MU Sounding Device 
52d Motion sensor 

52e Mull Cheevy-MU - sounding - sonar 
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